Introduction
Ichthyosis comprises a heterogeneous group of hereditary cornification disorders which provoke generalized scaling of the skin due to defects in cornification and desquamation. Human ichthyoses are classified as either syndromic or nonsyndromic ichthyoses, the latter group subclassified into common ichthyosis, autosomal recessive congenital ichthyosis (ARCI), keratinopathic ichthyoses and other forms of ichthyoses (Oji et al. 2010) . In dogs, several forms of ichthyosis have been described and are currently subdivided into epidermolytic and nonepidermolytic based on light microscopy (Credille 2008) . Several breed-specific causative variants have been identified such as: KRT10 in the Norfolk Terrier, causing epidermolytic ichthyosis; PNPLA1 in the Golden Retriever, TGM1 in the Jack Russel Terrier, SLC27A4 in the Great Dane, ASPRV1 in the German Shepherd and NIPAL4 in the American Bulldog causing different forms of nonepidermolytic ichthyosis (Credille et al. 2009; Grall et al. 2012; Metzger et al. 2015; Bauer et al. 2017; & Casal et al. 2017) . Clinically, American Bulldog ichthyosis is described as an ARCI similar to human lamellar ichthyosis or congenital ichthyosiform erythroderma. It is associated with a variant (g.52737379del) affecting the NIPAL4 gene encoding for the protein ICHTHYIN. The variant consists of the deletion of one base pair yielding a premature stop codon and a truncated and defective ichthyin protein (Casal et al. 2017) . Currently, the exact mechanism of action of this protein remains elusive; it may function as a magnesium transporter for fatty acid transport protein 4 (FATP4) and may also be associated with transglutaminase 1 and FATP4 in processing lipids to maintain epidermal barrier function. Ichthyosis due to this variant is inherited as an autosomal recessive disorder (Mauldin et al. 2015; & Casal et al. 2017) . Affected American Bulldogs present a dishevelled pelage with generalized soft white scales; the glabrous skin of the abdomen presents a brown discoloration, slight erythema and diffusely adherent light brown scales. These clinical signs tend to worsen at adult age and are often complicated by Malassezia overgrowth associated with pruritus (Mauldin et al. 2015; & Casal et al. 2017) . Microscopic skin lesions include diffuse laminated to compact orthokeratotic hyperkeratosis with hypergranulosis and acanthosis. Multifocally, granular layer keratinocytes present perinuclear clear space. In many cases, Malassezia can be found within the corneal layer (Mauldin et al. 2015) . Currently, continuous topical treatment is considered the best option for all types of ichthyosis. Usually, best results are achieved with keratolytic agents, emollient and topical antimicrobial treatment (Mauldin 2013) . Only sparse information is available on the treatment and follow-up of dogs with ARCI caused by the NIPAL4 variant (Mauldin et al. 2015; & Casal et al. 2017) . Here we report the clinical management and follow-up of an ARCI associated with a variant in the NIPAL4 gene in an American Bully.
Case report A 1.5-year-old pedigreed female American Bully was referred to the clinics of the Alfort School Veterinary Hospital for generalized scaling and bad coat quality. The dog had been adopted at 8 weeks of age and already presented generalized scaling, dry skin and dishevelled pelage. Initially, large scales had been noted on the back, which progressively extended to the entire body.
At first presentation, the dog exhibited a diffuse and severe scaling with large white scales loosely adherent to the skin or with embedded hair shafts on the dorsum and lateral thighs. Small and large adherent grey scales were present on the muzzle, around the eyes and on the pinna. Small and white scales with erythema and severe xerosis were visible on glabrous skin of the ventrum, axillae and groin. Skin and hair presented a dull and a greasy appearance (Fig. 1a ,c,e). Mild pruritus was reported by the owners especially on interdigital spaces, groin and axillae. No other abnormality was noted on physical examination.
Skin impression with acetate tapes from the axillae and the interdigital spaces revealed Malassezia in moderate quantity.
Punch skin biopsies were taken from the flank, the interscapular zone and the ventral abdomen. Samples were fixed in 10% buffered formalin and routinely processed. Sections were stained with haematoxylin, eosin and saffron (HES). The main finding was a moderate to marked, diffuse, compact orthokeratotic hyperkeratosis with formation of large scales (Fig. 2a,b) . Few Malassezia sp. were observed in the stratum corneum and associated with minimal mixed perivascular inflammation and minimal epidermal hyperplasia.
History, clinical signs and microscopic findings suggested an ichthyosis associated with Malassezia dermatitis. This clinical presentation was highly suggestive of an ARCI variant similar to the American Bulldog form.
Genetic testing for the known NIPAL4 deletion was performed (PennGen, Philadelphia, PA, USA), which confirmed the dog to be homozygous for this variant. Sampling of the dog's parents or other relatives could not be performed. Because the sire, dam and three littermates were clinically healthy at the day of this report, we hypothesized that both parents were obligate carriers for this autosomal recessive disorder. Analysis of the pedigree provided by the kennel club showed that all the ancestors of the previous five generations were registered as American Bully. After 2 weeks, bathing frequency was decreased to once a week, followed by emollient spray application. Wipe application frequency was also decreased progressively to twice weekly. One month after initiating the treatment, a net improvement of skin lesions was noted with regression of scaling and erythema. A relapse of clinical signs was observed following a decrease in the treatment frequency which lead to a resumption of the initial prescription. Six months after initial presentation, marked improvement was noted with only sparse pityriasiform scaling on the trunk (Fig. 1b) . Small greasy adherent scales remained on both pinnae and ears (Fig. 1d,f) . One year after the initial presentation and under continuous topical treatment, the dermatological examination remained stable with a very mild erythema compared to the initial presentation and the observation of only a few Malassezia.
Discussion
To the authors' knowledge, it is the first description showing that the NIPAL4 variant yielding a truncated protein segregates in the American Bully breed. The NIPAL4 variant described in the American Bulldog has not yet been observed in any other breed (Casal et al. 2017) .
In our case, finding the exact same variant in an American Bully with at least one American Bulldog ancestor strongly suggests that the variant had been acquired through a founder effect and did not arise de novo. This statement might seem controversial for American Bully breeders postulating that the Bully originally arose from a crossing of American Staffordshire Terrier with American Pit Bull Terrier founders, but not from American Bulldog (Levêque & Fontbonne 2017) . However, traditional breed clubs, which have not recognized the American Bulldog breed, state that interbreeding with American Bulldogs occur frequently.
The ichthyosis form observed in this American Bully is very similar to that observed in the American Bulldog, which suggests that the variant has similar phenotypic effects on these two different genetic backgrounds. Nevertheless, the genetic background of the American Bully may influence treatment success, long-term effects of the disease as well as other aspects of disease progression. Further phenotypic descriptions of NIPAL4 mutated American Bully dogs are needed to address this later point.
To the best of our knowledge, this is the first report of ichthyosis due to the deletion in the NIPAL4 gene in an American Bully. As such, we can hypothesize that the variant frequency is still quite low or restricted to a subpopulation or lineage of American Bully. Genotyping a significant number of American Bullies would be of interest and provide a reliable estimation of the deleterious allele frequency in the NIPAL4 gene. In addition, comparing haplotypes among variants between American Bulldogs and American Bully dogs would allow the quantification of the number of generations from the putative common ancestor, and thus help clarify this point.
Symptomatic treatment of every form of ichthyosis aims to restore the function of the skin barrier. To date, no treatment allows a complete persistent regression of clinical signs. Continuous treatment is necessary to maintain a regression of clinical signs and relapse is often reported soon after treatment frequency is decreased (Mauldin 2013; & Tamamoto-Mochizuki et al. 2016 ). In the case described, a rapid relapse of clinical signs was observed after decreasing the frequency of topical treatments which confirmed the necessity of continuous treatment. Different treatment options have been described such as oral retinoids, fatty acid supplementation and topical treatments (Mauldin 2013; Miller et al. 2013; & Tamamoto-Mochizuki et al. 2016) . According to one review, topical therapy using keratolytic agents, emollients and topical antimicrobials remains the best option. In the American Bulldog, special care should be taken for secondary fungal skin infection and oral antifungal therapy may be necessary (Mauldin 2013) .
In this case, topical treatments alone appeared efficient as clinical improvement was noted after few months. The combination of a shampoo containing keratolytic and keratomodulator components with a spray containing emollient moisturizers and the additional use of antimicrobial wipes yielded an acceptable clinical improvement. It is difficult to assess which component was the most beneficial in this case. Ermidra â spray (ICF, Palazzo Pignano, Italy 1 ) has been shown to restore skin barrier function after experimentally induced skin barrier defect (Fardouet & Pin 2011) . Components such as liposome, glycerol and panthenol participate in the reduction of transepidermal water loss through the restoration of lipid lamellae in the horny layer (Fardouet & Pin 2011) . Along with the keratolytic and emollient effect of the shampoo, zinc gluconate in both the shampoo and the spray regulates keratinocytes differentiation and participates in lipid metabolism (Kaufman et al. 2014) . The wipes used here have been shown to be efficient against Malassezia dermatitis, and are interesting in this case where secondary Malassezia dermatitis is present (Cavana et al. 2015) . Other combinations of topical treatments (sometimes combined with oral fatty acid supplementation) have been described such as emollient, moisturizers, essential oil and more recently a combination of gluconolactone and other hydroxyl acids (TamamotoMochizuki et al. 2016; & Puigdemont et al. 2018) . In any case, a combination of different treatments seems to be a good option even if clinical response is never complete and continuous treatment is necessary.
In conclusion, we report the clinical management of an ARCI in an American Bully, carrying two copies of the NIPAL4 variant previously identified in the American Bulldog. That this form of genetically induced ichthyosis can be found in this breed and that the genetic test currently intended for American Bulldogs is valid in American Bullies is of interest. Availability of this test will enable American Bully breeders to detect carriers among their breeding stock and avoid at risk crosses, providing them with a unique opportunity to get rid of the deleterious allele before its large dissemination within the breeding stock. It would be interesting to evaluate the frequency of this variant in a large transcontinental cohort of healthy American Bullies to get a better insight of NIPAL4-associated ichthyosis risk in this breed.
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